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SUMMARY

An snalysis has been made of Civil Aeroneutics Administration
and Civlil Aeronsutics Board ocommercial airpleane flre records
collected during the 1lO-year period ending July 1, 1948, The
results of the analysis show that:

1. Gasoline was most frequently the initial combustible ignited
in flight and ground flres and is considered to be the most hazardous
of the combustibles carried.

2. Although electricel-ignition scurces are the most frequent
flight-fire ignition source by a small margin, the exhaust system
is concluded to be the most hazardous ignition source because it is
necessarlly located near the lubricating-oil and gasoline-plumbing
systems and the resulting fires are relatively severe., The
electrical-ignition sources usually involve only the electrical
insulation and result in smell-volume flres. The exhaust system
was found to be the most frequent ground-flre ignition source.

3. Engine fallures were the most frequent cause of the union of
combustible and ignition source that resulted in flight fires,

4, Fuel-plumbing.gystem fallures were the most frequent cause of
fires ocourring during ground operation.

S. The evidence concerning crash fires was not sufficiently
extensive to provide informstion concerning the factors that affect
the start and the spread of fire.

In order thet future records may be more useful, all crash
accldents should be studied to determine why fire does or does not
occur and to establlish data that relate the occurrence and the spread
of fire to airplane deslign and operation.
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INTRODUCTION

Further improvement In alrcraft safety by reducing the pos-
8ibllity of filre is recognized as a deslrable cbJectlve by the
aviation industry. Achievement of this alm is of interest to both
commercial and military operators. A significeant reduction In the
fire hazard requlires the esteblisiment of engineexring design
criterions that will result 1n the best possible fire prevention
end personnel safety. The NACA asircraft-fire research program, in
coordinetion with research and development by other governmental
agencles and the aviation industry, is directed toward this objJective.

One of the first steps ln an attack on the airplane-flre problem
should be & study of the records of past aircraft fires. The largest
number of alr-transport fire records immedistely available were those
collected by the Civil Aeronsutics Administration and the Clvil
Aeronautics Board. The information contalned in these records was
submitted by alr-transport operators when scheduled alrcraft were
forced to devliate from the published schedule because of malfunction-
ing or fallure of a mechanical part or when en accident had oocurred.
The Civlil Aeronautlcs Board records are predominantly those prepared
following the investligetion of seriocus accidents.

The records were studled to determine the relative frequency
with which the various combustlbles, ignition sources, and cause
factors were Involved in alrplane fires so that remedlal messures can
be discovered and applled to those of first-order importance. The
enalysls covers 282 alr-tranaport alrcraeft fires that occurred during
the 10-year pericd ending July 1, 1948. The records analyzed inolude
those of firees that ccourred on alr-transport-type airplanes belng
used for crew training and orientation purposes. (This study does
not include phases of the fire problem erising from mllitary combat
operations.)

ANALYSIS OF RECORDS

Numerous combustibles are present in the variouns systems and
components of the elrplane; lgnition scurces either exlst comtlnuouely
or may be produced by malfunctioning or fallure of mechanical and
electrical systems; and the alrplane operates in an atmosphere con~
taining oxygen. All the components of flre are therefore present amd
need only be brought together for a fire to result. In a machine as
Intricate as the multiengine transport airplane with its numerous
entwined and orowded mechanical and electrical systems, the mal-
functlioning, failure, mishandling, or maldesign of a single system
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cen easily cause the spilling of a combustible where it can reach
an ignition source or the creatlon of an ilgnition source neer a conm-
bustible and thms eventually result In fire. Such melfunctioning,
failure, mishandliing, or maldesign is then the primary cause of the
Pire. It 18 not to be expected, however, that the same primary
causes wlll be responsible for fire in 811 pheses of alrplane oper-
ation nor that all combustibles or ignition socurceg will be involved
with equal frequency. The air-flow conditions, the power cutpub,
and the physical integrity of the aircraft structure will depend on
whether the cause for the Fire ocours during ground operation,
£light operation, or & cresh, This, consideration of the factors
involved ln the mechenism of an aircraft fire indlcate the deslir-
ability of knowing individually for flight, ground, and ocrash fires
the relative frequency with which the various combustibles are
initially involved, the relative frequency with which the variocus
ignition sources are involved, the relstive frequency with which the
varlous systems malfunction and fall, and the prevalent comblnetions
of combustible, ignition source, and malfunctlion or faillure.

On the baslie of these principles, the 282 cases were separated
into ground, flight, end crash fire groups. The cases in each group
were then analyzed to determine the relative frequencies with which
esach initlal combustlible, ignition socurce, and malfunction or fail-
ure was lnvolved in a fire. The final step was to determine which
combinations of combustible, ignition source, and malfunction were
prevalent. '

The proportionsal distribution of commerical transport fires with
respect to the operational phase In which they occurred is shown in
the followlng table:

_Fires Casesn Pexrcent
Flight 135 48
Ground 82 29
Crash 6l 21%:
Unknown. 4 1%-

Total 282

Although the table glves the relative frequency with which the fires
ocourred, it does not indiocate the relative importence of each group
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with res:ect +o persm”e'l fatelities or dsmage 4o the alrcraft

involved. Ground fires, although second in frequency, were rarely
fetal to personnel and seldom resulted in more than minor structural
damege to the alrcraft and are therefore the least important. Any
fire may easily escape control, however, and the potentlal losses
due to ground fires should not be overlocked. Flight fires were
Prequently extinguished eand resulted in minor damage and no loss of
life, but at other times resulted in complete destruction of the
aircraft and its occupants. Cresh fires have usuelly been more
severe than flight fires and there is indicetion that crash fires
may have been responsible for & larger number of deaths (reference 1).

1202

Carbustibles. - The frequency with which the various inflammeble
materials serve as the initlal combustible in flight fires 1s shown
by the following teble:

Tnitial combustibie Cases Percent of
nown ceses

Gesgollne 30 27
Blectrical insulation 30 27
Other solid 21 19% .
Iubricaeting oil 17 1si
Gesoline or lubriceting oil 9 8
Hydraulic fluid 3 3
Unknown 25

Total 135

The percentage figures show that gasoline and electrlical insulation
were Iinvolved wlth equal frequency. In order to obtain the true
significance of gasoline as the initial combustible, however, pert
of the 8 percent listed under gasoline or lubricating oil (exact
determination of initial combustible wes impossible In the case of
these engine~faillure fires) mist be sdded to the 27 percent for
gasoline, tius making gesoline the most frequent initial combustible
by & small margin. Furthermore, a study of the individual cases
shows thet more mevere damage l1ls associated with gescline fires in
£light than with electrical~-insulation fires. Consequently, gasoline is
concluded toc be the most hazerdous as well as the most frequent
initlal combustible.

Toteling of the various percentages shows that gascline and
lubriceting oll are initially involved in half of all flight fires.
Addition of the electrical insulation percentege brings the fractlon
to three-fourths of the total; thme the majority of all flight fires
gtart with one of these three canbustibles. -
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The miscellaneous solld cambustibles included a wide range of
materials, of which the following is a partial list: beggage, nap
on cockpit lining, kapok Insulation, oll hoses, cooking grease,
heater ducts, rubber carburetor collar, magneslum generator shaft,
peper towels, and seet upholstery. This wide range indicetes that
every combustible material used in sircraft construction or operation
mat be scrutinized as a possible fire hazard.

The frequency with which the inflammsble materials serve as
the initial combuestible in ground fires ig as follows:

Initial combustlble Ceages Percent of

1T e aeel
S0 SCEe

Gasolline

Eleotrical insulatlion
Iunbricating oll
Hydraulic fluild
De-icing alcohol
Other solids

Unknown

Total cases

3
3

-
%FHNmmm%

The results show that gasoline was mogt freguently the initial
combustible. Additional study of the gasoline-fire data indicated
that 40 of the 68 percent of these fires occurred during the engine-~
stearting operation. Even 1f these fires are disregarded, the remaln-
ing percentage indicates that gasoline remains the most frequent
initlal combustible in ground fires, as was the case in flight fires.

Data for the study of crash fires were obtained predominantly
from the reports of Civil Aeronawblics Board asccident investlgatlions,
Inesmich as these Investlgatlions are usually mede when an accident
results in death or serious Injury to personnel or considersable
demage to the alrplane, the data generally represent a more seriocus
type of mccident than bthe flight and ground fires and mmoh of the
evidence was destroyed by the resulting conflagration.

The initiel-combustible data for crash fires are presented in
the followling table. The percentages have been calculated on the
bagis of the total nmumber of cases becanse the number of known cases
is too small to be significant.
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Initial Casesn Pexrcent
Combustible of total 8
Gesoline 6 10 ~
Hydraulio fluid 1 1%
Unknown 54 aa;-
Total 61

A comparison of the percentage of fires that iniltilally involved
gasoline, 27 percent in flight and 68 percent on the ground, and
consideration of the Individuel cases of flight end ground filres -
leeds to the conclusion that gesoline is the most hazardous of the
combustible meterials Involved in flight or ground fires. The partial
indication glven by the crash date plus consideration of gasoline
characteristicas gives no indication that the result would be markedly
different for crash flres., Even when lubricating oll serves as a
torch fire that ignites the bulk of the gasoline, the gasoline is
responsible for the rapid spread of fire, the repld inorease ln fire
intensity, and the aslze of fire.

A comparison of the physical characteristice that affect the
relative inflemmability of the various liquids shows that, although
gasoline has e slightly higher spontanecus lgnition temperature (200°-
300° ¥) it is much more volatile than elther lubricating oil or
hydraulic fluld. Thus the volatility of a cambustible ls apparently
the mogt important factor in determining the fire hazard. The
experience of commercial transport operators with Dlesel engines
indicates alsc that fuel voletility is an important factor In the fire
hazard, The following guotetion 1s from reference 2, page 152

"There hes yet to be recorded an accident where the
fuel oil ignited and burned on a Diesel-engined airplane.

"In connection with lubricating oil fires, the experi-
enoe of Deutsche Lufthanse with one of their Junkers Ju 52
airliners powered with three Junkers Jumo 205-C Diesels 1s
of interest. While the sirplane was flying in a fog, 1t
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collided with & hill and cracked up and the entire

supply of fuel oil was empbled over the wreckage. A
lubricating oll fire broke ocut in the cenmter engine

end 1f the fuel had been gasoline, there can be little
doubt but that the airplane would have burst into

flames. The fuel oil did not catch fire, however, and
one of the rescuners who hurried to the scene was able

to quench the flames with en ordinary fire extinguisher.”

This statement was written in 1940. The Junkers Jumo englne was
placed in glriine service sbout 1931 and the various models had been
flown more than 59,000 hours by the end of 1938 (reference 2, p. 117);
therefore, the experience cannot be considered Insignificant.

Liquids such a&s lubricabting oil and hydranlic fluid, with flash
temperatures above smblent-alr temperature, mmst reach an ignition
source In liguid form, This situation can occur when the liguid is
sprayed, splashed, or runs by gravity. With a material such as
gesoline, which has a flash temperature well below normel ambient-
alr temperatures, the vapor is sufficlently concentrated that an
inflemmable mixture can easily be transported by air currents to an
lgnition source. Furthermore, gascllne crash fires are more
difficult to extinguish than fires lnvolving the less-volatile
liguids (reference 1). Thus the conclusion that a highly volatile
liguid such as gssoline is & hazardous alrcraft fuel seems warrented.

Ignltlion sources. - For the discusslon of ignitlion sources, the
following definltions apply: Electrical ignition sourcee are con-
sidered to he electrical sparks or arcs and electrical equipment that
ig elevated to the ignitlion temperature of the combustibles by the
passage of excegsive current. A backfire is ignition and burning of
a combustible mlxture in the induction system at any position upstresm
of the inteke valve. The misoellaneocus ignition sources include
metches, clgarettes, sliding friction, snd sources not otherwise
covered.

The relative Importance of the ignition sources is shown in
subsequent tables. The following teble shows the freguency with
which variocus ignition sources started flight fires:
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Ignition source Cases Percent of
known cases
Eleotrical 38 38%
Exhaust duoct and gases 35 35%
Other miscellaneous 12 12
Backfire : 7 7
Combustion heater 7 7
Unknown 36
Total 135

The percentages indicete that the exhaust duct and geses and the
electrical sources of ignitlon started fires with approximately equal
frequency. An understanding of the comparative signifiocence of these
two ignition sources, however, requires e more careful analysis then
1s possible by simply counting the incldents in which each is involved.
The electrical power, communicatlon, aznd instrument systems do not
usually serve as ignitlon sources if properly enclosed, except when
they are malfunctloning or being destroyed, and then are ignition
sources for a comparetively short time. Investigation has shown
(reference 3) thet when a load-carrying conductor is short-circuited,
the conductor most frequently burns through and opens the cirecuit and
thue provides a potentlally hazardous ignition source having a median
life of only 0.6 second. The accldent records show that electrical
gources of ignition ususlly involve only the electrical Insulation
and result in smell-~volume fires. The conocluslon l1s therefore

reached that the hazerd assoclated with electrical sources of ignition
is not great, although one case in which electrical-equipment fallure
gtarted a hydraullc-fiunld fire did result in a serious accident.

The ignition source represented by the exhaust-duct system and
the exhaust gases, however, continuously exists throughout powered
flight. The exheust-duct system occuples a large volume and is
necessgarlly located close to the lubricating-oll and gasoline-
plumbing systems, each of which can supply a considerable bulk of
Inflammable material. Exhaust-system ignited fires are consequently
relatively severe, as shown by the flight-fire data. Considering
the elapsed time of exlistence, volume occupied, proximity to bulk of
combustible, and the generally minor demege of electrically ignited
fires, it is concluded that the exhaust and 1ts disposal system are
the most hazardous flight-fire ignition sources. The frequency with
which electrically ignited fires ooccur, however, indicate that the
agsoclated potential hazard should not be overloocked.
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The miscellsneous ignition sources included matches, olgarettes,
a galley heatling element, friction, end the compression of gases on
the discharge slde of vecuum pumps.

The next table shows the frequency with which variocus ignition
gourcee started ground fires.

Ignition source Cases Percent of
known cases
Backfire 21 38
Exhaust system 17 31
Eleotrical igntion source 11 20
Combugtion heater 5 9
Other 1 2
Unknown _le.
Total az

The 21 backfire-ignited ground fires, which constitute the largest
group, include 19 cases Iin which gasoline was involved and two cases
in which carburetor de-icing alcohol was ignited. The majority of
these fires attended the starting operations. Although the percentages
indicate that backfires were the most frequent ignition source, the
frequency of such fires showed a decreasing trend not evident in items
presented in previous tebles. The frequency of exhaust-system ignited
fires, however, increased more rapidly than the increase in revenue
hours shown by reference 4, It 1s therefore epparent thet the exhaust
system is currently the most fregquent ground-fire ignition source.

Crash=-fire ignition-source data are summ=rized as follows:

Ignition Cases Percent
source of total
S1iding friction 2 3
Unknown 59 97
Total 61

The relative importance of the various possible crash-fire ignition
gources 1s not shownt by the date because too many cases were unknown.
This high unknown percentage will be discussed subsequently..

Meny potentisl ignitlon sources for crash fires exist: back=-
fires, torchlng at exhaunst-duot ontlet, electrilcal-ignition sources
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(arcs and short-circuited wiring), sliding friction, the hot metal

of the exhaust-dlsposal system, and exhaust gases within the exhaust-
disposal system. In general, all the aforementioned ignition sources
except the exhaust-disposal system exist for short periods of time.
The exhaust system, however, exists as & potential ignition source
throughout the dynemic phases of a crash and for a considerable
period thereafter. The British found (reference 5) that the exhaust-
duct system was a sericus ignition-gource hazard and recommended

that 1t be cooled or iperted. The U. S. Army Air Corps in a series
of crash tests in 1924-25 with obsolete aircraft found that the
exhaust stacke were the most important ignition source. The present
exhgust-duct system is more extensive, handles larger volumes of

gas, and is more closely confined than those in use at the time of
the Air Corps tests and can be expected to have a higher ignition
potentiel. Furthermore, the explosive fuel-alr mixture in the
induction system of carburetor-equipped engines is almost certain

to be ignited by the hot exhaust valves and gases when the engine is
forcibly stopped. The exhaust-disposal system thus caunses a backfire
and creates an additional hazard. The British recognize this danger
and inject part of the fire-extinguishing medium into the inductiom
system to reduce this possibility (reference 5). It would therefore
be expected that the exhaust system is an important crash-fire
ignition source at the present time, although no convincing data on
thls concluslion are avallable for modern alrcraft. One of the primary
purposes of crasgh-fire studies should be to obtain additional informa-
tion concerning the relative importance of the ignition sources.

Primary causes of fire. - For the purpose of this discussion,
the primary cause of a fire is defined as any malfunction or failure
that results in the proximity of a combustible to an ignition source,
or the creation, of an ignition source within effective proximity of
a combustible material. BEngine failures are considered to include
only fallures of the engine assembly as delivered by the engine
manufacturer and do not include the entire power-plant installation.
The failure of maintenance or operating persomnel to maintain equip-
ment properly or to operate equipment according to established rules
is considered & persomnel fallure. A basic engine, airframe, or
accessory design feature that results in recurring feilure or
undesirasble event, even though operation is by experienced personnel
and according to normal procedure, is designated s design fault.

The following table shows the relative frequency with which
the verious primary ceuses were responsible for flight fires:
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Canse Cases Percent of
known cases
Engine failure 43 36
Electrical -power-system faillure 23 19%
Exhaust-gystem failure 8 7
Design fault . a 7
Alr-conditioning-system failure 7 6
Personnel fallure 7 6
Fuel~-plumbing-system failure 5 4
Propeller failure 4 3-%-
Lubricating-oll-system failure 2 2
Hydraullc-system failure 1 1
Other . 11 8
Unknown 16
Total cases 135

The percentages show that engine failures were responsible for

the largest number of flight fires. A study of the number of fires
caused by engine failures and the revemme hours flown per yeer
(reference 4) shows that the number of engine-failure fires per
100,000 revenue hours greduslly decreased from approximately 0.4 in
1938 to 0.064 in 1945, increased to 0.525 In 1946 and decreased
slightly to 0.5 in 1947. The sudden increase in engine-failure
fires was probably due to the simltanecus introduction of new
engines and airframes in air-transport service. The gradusl increase
in reliability to be expected as the troubles attending the intro-
duction of new models are eliminated will reduce the number of
engine~failure fires. .

The foliowing system failures or cause factors resulted in
ground fires:
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Causge Cases Percent of
known oases
Fuel -plumbing-system faillure 22 30
Design fault 18, 25
Electrical -power-system failure 8 11
Personnel fallure 7 9%
Hydraulic-system fallure 5 7
Bxhaust-system fallure 3 4
Air-conditioning-system failure 3 4
Engine fallure 2 3
Fuel-storage-system fallure 1 ﬁl
Other 4 55
Unknown _2_
Total 82

The largest number of ground fires were the result of fuel-
plumbing failures and inadequete design. Fires attributed to the
design faotor were predominantly gesoline-fed backfire-ignited
fires, which attended the sterting operation and are charecteristic
of the engine-induction-system design, Inmsmch as the frequency
of backfire-ignited fires has deoreased, the design-fault percentage
is too high to be representative of current conditicns.

The failures of the fuel plumbing are typlcal for standard tub-
ing systems. The following examples are taken from operator's
reports: Primer line fallure, pressure-gage line fallure, leaky
primer connection, loose carburetor vent line, leaking hose conneoctlon,
lesking oil dilution solenold valve, fuel-flowmeter line failed, heater
fuel connection loose, fuel-pump leeksge, fuel-pressure line chafed
through, and T-fitting in vent line broken. The number of fuel-
plumbing-system fires per unit of revemme hours has not shown & con-
sistently decreasing trend, although introduction of the flexible-
hose assembly did reduce the fuel-line troubles (reference 4).
Plumbing fallures are therefore concluded to be the most important
single scurce of ground fires.

The primary oceuses of crash fires are as follows:

1202
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Cause Cases Percent
. of total

Fuel-storage -system fai;ure 3 5

Englne fallure 1 l%
HEydraulic-system fallure 1 1%
Fuel-plurbing-system failure 1 l%
Unknown 55 - 90%

Total cases | 8 .

Although the unknown percentage 1s so large that other percentages in
the teble are not numerically significant, 1t is noted that failure of
the fuel tanks is one of the causes of crash fires. British studies
(reference 5) show that fuel splllage 18 an important factor in

crash fires and specific proposals for reducing the hazard have been
made. These propogals include the use of more crash-resistant fuel
tanks, removing plumbing connections from the bottom of the tanks,
routing plumbing and locating tanks in zones where the possibility

of damege 1s reduced, and Iinstalling entomatlc shut-off valves to

stop the flow from broken fuel lines.

In determining the over-all significance of fuel-plumbing and
fuel-sborage system failures, flight, ground, and crash fires must
all be considered. The datae show that 30 percent of ground fires
and 4 percent of flight fires are caused by fuel-plumbing failures.
The quantitative importance of these fallures for orash fires ls
unknown but ls probably considerable. It is tlus apparent that the
fuel -plumbing system requires additional development, better main-
tenance, or both, if the number of fires attending such failures
is to be signiflicantly reduced. The development of a better fuel-
plumbing system that could be applied to aircraft now in use with-
out major modificetions in alrplane confliguration would lead to an
immedlate reduction in the fire hazard.

Prevalent combinations of initlal combustible, ignition source,
end cause. - Datsa on Initlel combustibles, ignition sonrces, and
causes of fires have been presented. The gigniflcant combinations
of 1nltial combustible, ignitlon source, and primary ceause for
ground and flight fires are 1lndicated in figures 1 and 2, respectively.
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Such patterns were not prepared for the crash fires because of the
small number of known cases. When gasoline was the initial combustible
in flight fires (fig. 2), it was usually ignited by either the exhaust-
disposal system or a beckflire and the cause was some form of engine
fallure, When gasoline was the initial combustible in ground fires
(fig. 1), there were two typical fire patterns: gmsoline ignited by
varlous lgnition sources and caused by fuelw-plumbing fallures, and
gasoline ignited by & backfire and caused by inherent characterlstics
of the induction-system design. ILubricating-oil flight fires (fig. 2)
were generally lgnited by the exhaust system and the oll wes spilled
by an engine fallure., Of the flight fires in which the initial com-
buetible could have been either gasoline or lubricating oil (fig. 2),
mogt of the filres were started by the exhaust system and all of them
were censed by engine fellure. Ground filrees that started with the
lubricating oil were ignited by the exhaust system, but the primary
‘canse of the fire was generally unknown.

1202

Considering both gasoline apd lubricating oil as initial com-
bustibles, the records indicate that the exhaust system is the most
importent ignition socurce for gasoline and oil flight fires and that -
engine malfunction or breakup is the most frequent canse of such
Pires. Out of 56 such flight fires, 28 were 1gnited by the exhaust
system and 35 were caused by engine fallure or breskup. At least helf
of the ground flres Involving hydreullc fluld were ignited by the exhaunat
system and failure of the hydramlic system was usually responsible,

In congldering remedial measures that might be applied to the
airplane-fire problem, the following methods of approach are pos-
8lble: Eliminete the combustible or reduce its inflammability;
eliminate the ignition source or reduce its ignition potentisl}
eliminate the oxygen in the volume by providing an inert gas to
dilute the oxygen concentration below inflammable limits; eliminate
the primery ceuse of the fire; or find means of reduclng the hazard
assoclated with the primary cause. Combinatlions of two or more of
these measures may offer a more prectlical solution in a particular
problem than the full use of a single measure.

In =pplying these measures to the typical fires desoribed, it
is immedliately cbvious that the fuel cannoct be eliminated as a com-
bustible, although a fuel less inflammsble thean gesoline might be
substituted. The problems asgsociated wlth such a solution are
being studied by verious avietion organlzations. The possibility
of a relatively noninflammeble lubricating oll cannot he overlooked
and the commercial announcement of less-inflammeble hydraulic
fluids Indloceates that some progress lis being made toward this objec-
tive. Complete elimination of the exhaust-disposal system as an -
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ignition source appears remote, but measures that would reduce its
lgnition potential must be found and tested. Experience has shown
that the hazard of backflires as an ignition source can be further

1Y -7-3% A2 anem et PRy e e T e made $ e e P e
reduced by the use of direct fuel injection. TInerting of zomes

cccupled by fuel lines may offer some advantage for flight and
ground operation, but little adventage during crash conditioms.

The possibllity of eliminating fires by the use of a more reliable
power plant and fuel-plumbing system should certainly be considered,
'because greater engine p]mn'bing reliabllity would also result in
greater operational relisbility. TUse of lower power ratings on
current engines and closer engine supervision to st down englnes
giving indications of inciplent fallure may be possidle partial
solutions. TUse of direct fuel injection instead of e carburetor
system to eliminate a fuel-ailr mixture in the impeller housing would
eliminate the hazard attending impeller fallures, loose intake pipes,
and fallures in which the fuel~aeir mixture escapes into the nacelle.
Thls system bhas reduced Inductlon-system fires on at leagt one model
of military airplane.

The patterns of flight fires involving electrical insulation
(fig. 2) show that the ignition scurce is usually electrical.
Failures listed as "other" are commmnications and electrical-
ingtrument system failures; therefore, sbout 80 percent of elecitrical
flight fires are caused by fallure of electricel-power system,
communicatlon system, or electrically operated instruments. Patterns
for ground fires (fig. 1) involving electrical insuiation are similer
to flight patbterns. All posslble means of reducing the electrical-
insulation flire hazard must be studled, although the most promising
measures are the removal of inflammable material, which is already
in progress, and better maintenance and design to increase the genersl
reliebility of electricel systems.

The date indicate that no particuler combinations of ignition
source and cause predominated when the Initial combustible was
unknown. Apparently the known cases comstitute a representative
‘gample and the resulte are dependable for the flight-and ground-
fire conditions.

General remarks. - The cutstanding feature shown by the tables
of crash-fire results is the large unknown percentages. In approxi-
mately 90 percent of the cases, the lnitial combustible, ignition
source, or cause were unknown. Two reasons for this situastion can be
given: (1) Nearly all crash fires either initially or finally involve
gesoline and thus develop rapidly into a fire of such magnitude that
gll evidence of the initial combustible or breakup that preceded the
start of the fire is destroyed. (2) The accident was investigated %o
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determine lts caunse, not why or how a fire ensued. When the crash

was caused by fire, the Investigation generally indicated the initial
inflammable and allled data; when filre was incidental, little infor-
metion concerning the fire factors was noted or determined. Additional
Information concerning the causes and the physical mechaniem of crash
fires ls needed if the hazard 1s to be reduced. Inasmuch as future
accldents can provlide operatlonal informatlion, each cragh accident,
regardless of whether fire did or did not cccur, should be studled

to obtain date that will relete the occcurrence and the spread of

Pire to alrplane design and operation.

SUMMARY OF RESULTS AND CONCLUSIORS

An analysls of CAA end CAB commerciel transport alrplane fire
records shows that:

1. Gasollne was most frequently the initial combustilble in
flight and ground fires and is consldered to be the most hazardous
of the combustibles.

2. Although electrical-ignitlon sources are the most frequent
flight-fire ignition source by = small margin, the exhaust system is
concluded to be the most hazardous lignitlon source because it is
necessarily located near the lubricating-oil end gasoline-plumbing
systems and the resulting fires are relatively severe. The electrical-
ignition scurces ususlly involve only the electrical insulation and
result in smell-volume fires. The exhaust system was found to be the
most frequent ground-fire lgnition source.

3. Engine failures were the most frequent cause of the union of
combustible and ignition source that resulted in flight fires.

4, Fuel-plumbing-system fallures were the most frequent cause
of fires occurring during ground operation.

5. The evidence concerning crash fires was not sufficiently
extensive to provide informetion concerning the factors that affect
the start and the spresd of fire. In order that future records
may be more useful, all crash accldents should be studied to
determine why fire does or does not occur and to establish data that
relate the occurrence and the spread of fire to alrplane deaign and
operatlon,

Naticnal Advisory Committee for Aeronautics,
Lewis Flight Propulsion Laboratory,
Cleveland, Ohio,
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